compared with dental problems that constitute 50% of them (1, 2) . Temporomandibular disorders as a whole are one of the diagnostic dilemmas that face the dentists because of its diversity (3) . Despite that history taking and clinical examination may be ABSTRACT Background: Magnetic resonance imaging (MRI) is the main imaging modality in the diagnosis of temporomandibular disorders. Furthermore, sagittal cuts are the chief plane in diagnosis of these disorders.
INTRODUCTION
Temporomandibular disorders (TMD) are among the common problems in dental practice. They constitute 20-40% of the causes of oro-facial pain, which is considered a large percentage when beneficial in a lot of cases, but sometimes this is not enough due to overlap of signs and symptoms that occurs in many cases, especially long standing ones. Hence, the need for one of the radiographic examination modalities to complete the profile of the disease and subsequently aids in the diagnosis of the case was mandatory (4) . Magnetic Resonance Imaging (MRI) due to its superb contrast resolution of soft tissue is considered the gold standard imaging tool in dealing with temporomandibular disorders (5) .
Magnetic resonance imaging as a cross-sectional imaging modality has the ability to provide images in axial, sagittal, and coronal planes (6) . Nevertheless, sagittal cuts are the main element in the three orthogonal planes to diagnose temporomandibular disorders. The inclination of the cuts is the most crucial point in revealing the relationship between the articulating surfaces properly. The traditional direction that used for decades is to take these cuts perpendicular the long axis of the condyle (7) . This traditionally used plane has a historical background, where the posterior inclination of each condyle was an influencing factor in imaging of TMJ. This influence started with plain radiographic techniques, like transcranial and trans-orbital techniques (8, 9) and flourished with conventional tomography (10) , and extended to contemporary X-ray based crosssectional techniques like multislice and cone beam computed tomography (11, 12) and even non-ionizing radiation dependent modalities, like MRI (13) . In some cases the outline of the condyle is not clear enough in axial MR images (14) , this lack of clarity is due to either changes in the condyle itself or due to insufficient quality of localizing axial cuts.
Lateral pterygoid muscle is the most relevant one to the temporomandibular joint as the inferior belly is inserted to the neck of the condyle, while some fibers of the superior belly are attached to the articular disc (15, 16) . On the other side, it originates from the lateral surface of lateral pterygoid plate and infra-temporal surface of greater wing of sphenoid bone (17) . The size and the orientation of the lateral pterygoid muscle render it easier to be identified on axial MR images (18) .
The aim of this study was to investigate the accuracy of para-sagittal MR images that are taken parallel to the lateral pterygoid muscle in revealing temporomandibular structures.
SUBJECTS AND METHODS
This prospective diagnostic accuracy study was conducted on 40 temporomandibular joints in 20 patients. They were 19 females and one male. Their age ranged from 17 to 39 years with average 26.8 years. The inclusion criteria involved patients with TMJ related signs and symptoms and indicated for MRI scanning; such as TMJ sounds, pain or tenderness at the joint region, or limited mouth opening. The exclusion criteria included patients with TMJ related surgeries or patients with previous maxillofacial traumatic injuries, or those who cannot perform MRI scan based on pre-operative MRI examination questionnaire (19) like those with pacemaker, cerebral aneurysm clips, intra-ocular or periocular foreign body, claustrophobic patients, and pregnant females. This study was approved by Research ethics Committee of Faculty of Dentistry, Cairo University. Besides, written informed consent was taken from each patient, the consent involved the diagnostic benefits of the research and possible complications, as well as confidentiality of the data. The procedures of MRI scan with necessary instructions were explained for the patients.
MRI scanning: patients were scanned at Radiodiagnosis outpatient clinic in Kasr El-Einy hospital using 1.5 Tesla superconductive magnet (Philips, Intera, Netherlands). The investigator attended all MRI procedures to check the quality of the scans and to inform the patients what to do during the MRI scanning. MRI scan preparation: removable metallic objects like removable partial dentures or vitallium, earrings, necklace or sweater with zipper were removed before the beginning of the scan. Scout MRI scan was performed at first, followed by axial T2 turbo spin echo sequence, on which planning of para-sagittal cuts was performed. Proton densityturbo spin echo para-sagittal cuts were taken twice; one with the traditional direction; perpendicular to the transverse long axis of each condyle (perpendicular to the line between medial and lateral poles of the condyle) and the other direction was parallel to the fibers of lateral pterygoid muscle in the anteroposterior direction. Both para-sagittal cuts were done while the patient occluding in centric occlusion then in maximum opening using tongue depressors (Fig. 1) . The number of tongue depressors was determined on individual basis before the scanning. The four sequences were taken with standardized parameters which were as following: repetition time Image analysis: Images were printed on (11 x 14 inch) LASER films using LASER printer (DryPix 4000, Fujifilm -USA). Images were assessed on a viewing box by an oral and maxillofacial radiologist with 17-year experience. The assessment was done blindly after covering the scanning data on the films by an opaque sheet, and with haphazard order of the films. Every assessment session was 45 minutes maximum and would be ended in case of occurrence of eye or mental fatigue. A four-point scale was used to evaluate the quality of the images regarding clarity and visibility of the following points: articular disc position, disc morphology, cortical bone, and overall image quality with the following order: 0= Poor images, 1= Fair images, 2= Good images, 3= Very good images. Moreover, the final diagnosis of each case, whether it is normal, anterior disc displacement with reduction or anterior disc displacement without reduction, was determined through images of closed and open positions.
Statistical analysis: Data were statistically described in terms of mean ± standard deviation (± SD). Comparison between the traditional and muscular aligned techniques as well as between closed and open positions was done using Wilcoxon signed rank test for paired (matched) samples.
Comparison of final diagnosis was done using
McNemar test and agreement was tested using weighted kappa statistic. Two sided p values less than 0.05 was considered statistically significant. All statistical calculations were done using computer program IBM SPSS (Statistical Package for the Social Science; IBM Corp, Armonk, NY, USA) release 22 for Microsoft Windows. 
RESULTS
This study was conducted by on 40 temporomandibular joints in 20 patients by taking para-sagittal cuts in two directions: traditional and muscular aligned in both closed and open positions for clarity of disc position, disc morphology, cortical bony surfaces, and overall image quality.
Regarding closed position the mean and standard deviation of the traditional direction in the clarity of revealing articular disc position was 2.55± 0.50, while in muscular aligned direction it was 2.83± 0.39. With respect to disc morphology, the mean and standard deviation of traditional technique was 2.43± 0.50 and 2.63± 0.49 in muscular aligned technique. Both differences were statistically significant with p value: 0.012 for disc position and 0.033 for disc morphology.
The clarity of cortical bone was statistically higher in traditional technique (p value: 0.008), where the mean of scores and standard deviation were 2.80± 0.41 in traditional technique and 2.53± 0.51 in the new technique. The overall image quality of muscular aligned technique was significantly higher than the traditional technique (p value: 0.005), with mean and standard deviation 2.83± 0.39 and 2.53± 0.51, respectively (Fig. 2) .
Regarding open position, the clarity of disc position and disc morphology had the scores of 2.78± 0.42 and 2.65± 0.48 respectively in traditional direction. While in muscular aligned direction, they were 2.80± 0.41 and 2.73 ± 0.45 with the same order. The difference was non-significant statistically in both of them (p value: 0.655 for disc position and 0.257 for disc morphology). Although traditional technique got higher results in delineation of cortical bone (2.82± 0.39) when compared to muscular aligned technique (2.73±0.45), but this difference was non-significant statistically (p value: 0.366). For overall image quality there was no statistical significant difference between both techniques (p value: 0.655), where the traditional one got mean and standard deviation (2.78± 0.42) and the new technique got (2.80± 0.41) (Fig. 3) . 
Regarding comparison between closed and open

DISCUSSION
In MRI imaging of temporomandibular joint, the para-sagittal cuts taken parallel to the direction of lateral pterygoid muscle antero-posteriorly had comparable and sometimes better results than those taken perpendicular to horizontal long axis of the condyles in revealing TMJ structures of diagnostic value.
The objective of the current study was based on the hypothesis whether there is another plane that could be used in diagnosis of temporomandibular disorders through magnetic resonance images. The need for different para-sagittal plane in magnetic resonance imaging of TMJ was based on few points. Firstly, MRI is the lonely imaging modality capable of revealing articular disc directly and with sufficient degree of clarity. Therefore, the articular disc should be the focus of slicing instead of the condyle. Secondly, the outline of condyles with arthritic changes or considerable deformity may not be obvious enough in localizer cuts, especially in long standing cases and accordingly, determination of its horizontal long axis may be difficult or even not accurate. Thirdly, sometimes, in order to reduce the scanning time, the parameters of the localizer axial view are not high enough. Consequently, the image quality of these cuts is not adequately high for proper and accurate planning of para-sagittal cuts.
Delineation of articular disc is of paramount importance in interpretation of magnetic resonance images for TMJ, as its position in the closed position is considered a crucial differentiating point between intra-capsular and muscular disorders (20) , and its position in open position determines the type of internal derangement (21) . Moreover, its form has a considerable share in the prognosis of the case. Statistical analysis revealed that the clarity of disc position as well as disc morphology are higher in muscular aligned cuts than traditional sagittal cuts with significant difference. This difference could be attributed to the point that muscular aligned cuts are more medially inclined than condylar dependent cuts. The reason behind clarity of disc in that plane is the frequent presence of medial component of disc displacement beside anterior one (22) , where anatomically the space between mandibular and temporal bony components of TMJ is wider medially (23) . The second reason is in normal joint, the disc is stabilized circumferentially by ligaments, retro-discal tissues, and fibers of superior belly of lateral pterygoid muscle (24) . However, in diseased joint the ligaments become elongated and loose, retro-discal tissues may lose its capability to retract the disc. Therefore, lateral pterygoid muscle may have the upper hand in directing the disc with its medial pull.
In open position, the difference between both techniques was not significant statistically in depiction of disc related outcomes (disc position and disc morphology). This finding may be due to the shifting of the condyle medially during opening with the action of lateral pterygoid muscle, especially with unilateral joint affection, or presence in difference of reducibility of the disc in both sides, which was found in multiple cases in the current study.
Regarding delineation of cortical bone in articulating part of the joint, it was expected that traditional plane is superior to the new technique, as the former is planned according to exact inclination of each condyle, which was found in this study. However, this superiority was statistically significant in closed position only. On the other hand, the relation between the condyle and the articular disc in normal and reducible cases rendered the difference in delineation non-significant in open position.
The previous results pour in the favor of muscular aligned images especially in closed position, which was confirmed statistically, where the overall image quality was significantly higher in the new investigated technique, but both techniques provided nearly the same results in the open position. Moreover, the new technique provided the same diagnosis of the old one in 39 cases out of 40 (97.5%), which denotes that muscular aligned cuts could be an accurate alternative to conventionally used plane in diagnosis of TMD through magnetic resonance images.
The main limitation of the current study lies in the heterogeneity of the sample between normal and abnormal joints, reducible and non-reducible discs, and unilateral and bilateral affection. Therefore, the results may differ if the following studies have more homogenous criteria and are conducted on larger sample size. However, within the limitations of the present study, it is recommended to use the muscular aligned para-sagittal cuts, especially in cases with malformed condyles, or scans with multiple requested pulse sequences, or MRI scanners with low magnetic strength in the scanning of patients with temporomandibular disorders.
CONCLUSION
In magnetic resonance imaging of temporomandibular joint, para-sagittal cuts taken parallel to the antero-posterior direction of lateral pterygoid muscle provide higher image quality and better depiction of articular disc position and morphology than traditionally applied para-sagittal plane, especially in closed position.
